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Associated production of > 2 gauge bosons of electroweak interaction

YW, Z°
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T~ WW, WZ, 27
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Something happens
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The Standard Model of Particle Physics

-3 generations of quarks and leptons

interact via exchange of gauge Gauge Bosons
bosons: Particle Mass Force
-Electroweak SU(2)xU(1): W, Z, v (GeV/c?)
-Strong SU(3): 9 Photon (y) 0 Electroweak
-Symmetry breaking caused by Higgs W 80.450 Electroweak
- Z0 91.187 Electroweak
field
—Generates Goldstone bosons Gluons (g) 0 Strong

=L ongitudinal degrees of

Higgs Boson
freedom for W and Z 28

= 3 massive and one massless

X -Vacuum quantum numbers (0**)
gauge bosons

-Couples to mass
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= Precision measurements of
o M, =80.412 + 0.042 GeV/c?

0o M,=178.0 +-43 GeV/c? + b + + h +
* Prediction of higgs boson mass within \LO W W /-\ W
L

m,, depends on m, and m;,

SM due 1o loop corrections
o Most likely value: 114 GeV

- Direct limit (LEP): m,>114.4 GeV
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= Precision measurements of
o M, =80.412 + 0.042 GeV/c?
0 M,=178.0 + 43 GeV/c? .
= Prediction of higgs boson mass improvements on W and top
within SM due to loop corrections
o Most likely value: 114 GeV

- Direct limit (LEP): m,>114.4 GeV

Better prediction with expected

mass precision
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Higgs Production: Tevatron and LHC
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Higgs boson decay

= Depends on Mass
= M<130 GeV:

= M>130 GeV

o bb dominant
o 1t subdominant
o yy used at LHC

o) WW domlnGnT 102

M, (GeVicY) 103

o ZZ cleanest v

=> di-boson decays most promising

10-04-2004
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What if there is no Higgs?

-W W, cross section would violate
unitarity since amplitude

perturbative expansion in energy
(s): o~s2/v2+ s4/v4..

-Need either a Higgs boson with
m,<1 TeV or some new physics (e.g.
SUSY, Technicolor)

-Tevatron and LHC probe relevant
scale of 100 GeV -1 TeV!
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Beyond the Standard Model
= Why not the Standard Model?

o Hierarchy problem: m,<<mpy = new physics at TeV scale
o Most Dark Matter in our universe unaccounted for

o No unification of forces ..+ many more

= What is beyond the Standard Model?

o Supersymmetry (SUSY):
* rather complex (>100 parameters)

Extra Dimensions

Techni- and Topcolor

Little Higgs

Extended Gauge Groups or Compositeness:
- Z', excited fermions, leptoquarks, ...

New particles heavy =
At high energy colliders
* Direct production

* Indirect contributions
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Tevatron Run IT

= Upgrade completed in 2001
=  Accelerator:
Js(TeV) | At(ns) | L(cm2 s1)

RunI |18 3500 |2.5x103 i . Tevawon
Run IT | 1.96 396 |1.0x1032 S,

!:-.'.-_'ggurceﬁ__,..» Main Injector
= Experiments CDF and DO: - Sl necycler -~

o New fracking systems
o New RO electronics+trigger

o Many other substantial new
components and upgrades

o Data taking efficiency>85%

= Will mostly focus on CDF but show
also some DO results
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Tevatron: Expected Performance
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Design Projection

Base Projection

ber year Accum- per year Accum-

ulated ulated
FY03 | 0.22 (.30 (.20 0.28
FYO4 | 0.38 (.68 .31 0.59
FYO05 | 0.67 .36 | 0.39  0.98
FYO06 | 0.89 2.2 (.50 |48
FYO7 | 1.53 1,78 .63 211
1 FY0O8 | 2.37 6.15 .14 3.25
FY09 | 2.42 8.37 .16 4.4]
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Beyond the Tevatron: LHC

& = pp-collider at CERN

= Center-of-mass energy:
14 TeV

= Starts operation in 2008
-5j = 3 years "low" luminosity:
10 fb! /yr

= High luminosity:
100 fb! /yr

10-04-2004 Beate Heinemann - Northwestern University 14



Di-Boson Production: Why?

YW, Z°

Precision of Run I measurements

U

limited

10-04-2004 Beate Heinemann - Northwester:

-SM precision tests
-SUSY

-Large Extra Dimensions
-Higgs

-Run I anomalies
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=  SM couplings small
= Ideal for New Physics Searches:
o Large Extra Dimensions:
* Graviton exchange?

* Present sensitivity about 900 GeV
* Run IT: sensitivity about 2 TeV

o Higgs ->yy:

* BR small in SM 9but discovery
channel at LHC)

- Enhancements predicted in some
BSM theories ("bosophilic Higgs")

o Extraodinary events with 2
photons and fransverse
momentum imbalance(?)

Example LHC signal
(CMS: 3 yrs)

Eventsi500 MeV for 100 fb=1

10-04-2004 Beate Heinemar
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Di-Photon Cross Section

= Select 2 photons with E;>13 N
(14) GeV :

= Statistical subtraction of BG
(mostly n0—yy)

.,
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Randall-Sundrum Graviton

CDF Run Il Preliminary, 345 pl‘:
—— Data, E=15GeV, |n|<1.04
Total Background

345 pb'!

10°L

= Analysis: ik
o DO: combined ee and yy

s
=1
ba
m

o CDF: separate ee, uu and g |
YY |

= Data consistent with .
background A [

= Relevant parameters:

m(y7) (GeVic)

D@ Run Il Preliminary

o Coupling: k/M;, f b R gmons -

0 Mass of 1" KK-mode B e

= World's best limit: M: : :
o M>785 GeV for k/M;=0.1 :z: . :

D B

10-04-2004 Beate Heinemann - Northwes Mass (GeV) 18



DO: Non-SM Light H—yy

= Some extensions of SM contain % Event selection
Higgs w/ large B(H—y) o 2 Isolated y's with
o Fermiophobic Higgs : does not - pT>25 GeV
couple to fermions + Inl<1.05 (CC) or 1.5¢|n|<2.4 (EC)
o Topcolor Higgs : couples to only to o pt(yy)> 35 GeV (optimised)
top (i.e. no other fermions) . : .
g tant di n | at = BG: mostly jets faking photons
ngor' ant discovery channel a o Syst. error about 30% per photonl!

[Ldt=191 I:; 1 Estimated from Data
= p -

20
E - DG Run Il Preliminary E - D@ Run Il Preliminary
@ 15,:_ + Central-Central ' @0 15:_ Central-Forward
3 r oI
e [ C
21::% + ++ + g 10r + + ‘ ‘
Ll - LLI g
e 5 =i
0 o— e i
50 100 150 50 100 150
M., GeV
0 M., GeV
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limit on B(H—vyy) as function of M(H)

Non-SM Light Higgs H—yy

Perform counting experiments on optimized sliding mass window to set

DO Run Il Preliminar

DJ Run Il Preliminary

A

1 Runier
o
£ I
m [Runi100pb”

10" -

LEP
60 80 100 120 140
(fermiophobic) M, (GeV)

10-04-2004

MC prediction
2 b

60 80 100 120 140

(topcolor) M, (GeV)
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vy+X: more exclusive channels

= RunlI:

o found 1 event with 2

0

0

= Run IT:

0

10-04-2004

photons, 2 electrons and
large missing Et

SM expectation 106 (lll)

Inspired SUSY model where
SUSY is broken at low
energies: "Gauge Mediated
Symmetry Breaking"

Any new such event would be

exciting!

Beate Heinemann - Northwestern University
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= Assume Y is NLSP
o Decay to G+y

GMSB: W"‘%

0 G light M~O(1 keV)

o Inspired by CDF eeyy+}g

event

= DO (CDF) Inclusive search:

o 2 photons: E;> 20 (13) GeV  |pb]
o E.> 40 (45) GeV
Exp. Obs. |MGcD) |
DO 2.5+0.5 1 >192 GeV
CDF |0.3:0.1 0 >168 GeV

10-04-2004
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SM Theory of W/Z+y Production

Tree-level diagram of

Tree-level diagram of
pp = Wy —lvy

pp = Zy = lly

\ f _
g / / 4 /
[SE.
T v d !

q r
WWy
H

NOT in
SM
q v
g /
"'|‘||' II'
FSR
i 70
g W E [

These diagrams interfere and decay products are detected in the
10-04-- detector



Anomalous Couplings
Existen f
s ol T

indirectly seen
Anomalous couplings : Ax, A at LEP W3
§ —— RACOIDNWY
My = ef1 -I—Ky—l—hy}ﬂmw __..-"i = o TV vt 4

y v, axchanpa

b

e e —WEWET

2 I:l . T T T T T
q,= —t’{K},—ﬁJ,):’H? - 160 170 160 190 &AW
w8 [Gal]
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1 o ----- 955 c.. | . but complementary:

B 68%cl
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Wy, Zy: beyond the Standard Model

= Any anomalous couplings:

. . = A=15TeV — Ak
o Inhcrease in cross-section

o Excess of events in high E,

region
= Physics beyond SM (e.g. excited i

W/Z excited e): 3

o Increase in cross-section I

o Excess of events in high E, o5 1 is 2
region

o Excess of events in high 3 body 4 W* W
Mass region

Events /b

-l
=
|

10 L

25 3
log10(E /GeV)

q
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Combined: 0*BR=18.1 + 1.6(stat) = 2.4(sys) = 1.2(lumi) pb

10-04-2004

W+y Results

Electron Muon
W+y MC 126.8 + 5.8 95.2 + 4.9
W+jet BG 59.5 +18.1 27.6 +7.5
W+ v (tau) 15+0.2 2.3+0.2
Z+ v 6.3 +0.3 174 + 1.0
Total SM 1941+ 19.1 1424 +95
data 195 128
0*BR 194+21+209 16.3+23+18

SM: 19.3+1.4 pb

Beate Heinemann - Northwestern University
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Combined: 6*BR=4.6 + 0.5(stat) £ 0.2(sys) = 0.3(lumi) pb

10-04-2004

Zy Results

Electron (xsys) Muon (+ sys)

Z+y MC 309+16 33.2+15
Z+jet BG 2.8 +0.9 21+0.7
Total SM 33.7+18 356.3+16
data 35 35
o*BR 47 +0.8 +0.3 45+08+0.2

SM: 4.5+0.3 pb

Beate Heinemann - Northwestern University

27



Ratio of Cross Sections

= Inclusive W and Z production:

o Recent CDF result (hep-ex/0406078)
o o(Z)XBR(Z->I) / o(W)xBR(W->Iv) =10.15+0.21%

= Wg and Zg Production for E.>7 GeV:
o o(Zy)xBR(Z->Il) / o(Wy)xBR(W->lv) = 4.6/18.1 = 25+-5 %

=> Expected due to
interference of t-, u-, and s-channel diagrams in Wy
No s-channel diagram in Zy => no interference

FSR diagram (1 vs 2 leptons) ffyi\‘~<f
[SR

=>Indirect Evidence for WWy vertex!

q [
WWy
10-04-2004 Beate Heinemann - Northwestern Unive: W 28
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= Data agree well with SM
= Will be used to extract WWy and ZZy couplings

10-04-2004
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10

= Data agree well with prediction: no sign of any
signal of high mass

= Can be used to constrain e.g. W* and Z*

10-04-2004 Beate Heinemann - Northwestern University
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WW:

q - W

<

>
~X

"\

L 4

q % W
g W
& W
= Never observed at hadron colliders with any

significance (run 1: 5 observed / 1.2+-0.3 BG)

= SM fest
= Higgs -> WW

10-04-2004 Beate Heinemann - Northwestern University
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lum I 1 LI L) I I L=
I | | | SRR
Vector boson pair production in pp and pp E
Wz
o - o A
? e -
u ——
CO ,_ 5
/ _ I
1 =" . =
/ 1 | Campbell &
% | f/{‘ I 1 i e s | i ; s o g Ellis 1999
. 8 5 10 20 50 100
f Vs[TeV]
Tevatron (NLO) : 12.5 £ 0.8 pb

10-04-2004
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WW: Decay Channels

WW—-tviv (I=e,|)
EXTREMELY DIFFICULT

WW—lvjj
PROBABLY IMPOSSIBLE

10-04-2004

WW—sivly (I=e,W)
PRETTY TOUGH

WW—jjij
DEFINITELY IMPOSSIBLE

Beate Heinemann - Northwestern University
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WW: Cross Section Results

DILEPTON LEPTON+TRACK
WW Signal 18415 63+ 04
Drell-Yan Background 18£04 18£0.3
Fake Background 1L.1£0.5 0.1+0.8
(ther Background 1.9£0.2 42+0.1
lotal Backeround 4.8 +0.7 15109
Total Expected 161+ 1.6 JA5:10
Data Obseirved 17 39
o(WW) [pb] 143770 (stat)+ 1.6 {syst)+0.9 (lum)| 19.4+5.1 (stat)+3.5 {syst)=12 {lum)

= 2 independent analysis (high purity vs high acceptance)
=>Consistent results

= First significant signal: significance>3o
= Agree with theor. prediction: oy, = 12.5+-0.8 pb

10-04-2004 Beate Heinemann - Northwestern University



= cll channel has little Standard Model background
= Signal/Background = 4

Run 1556364 Event 3494901 : WW — ety u~F, Candidate
prie) = 420 GeV/e; prlp) = 20,0 GeV/je; M,, = 81.5 GeV

Bp =648 GeV; &y ) =16

A®(fr lepton) = 1.3; A®{e,u) = 2.4; Opening-Angle(e, 4)=2.6

10-04-2004 Beate Heinemann - Northwestern University 35



WW kinematic distributions

CDF Run Il Preliminary - Ao vs §.

w
tn

(]
T T

g
(3]
T[T

A0 (E,,closest lepton)
g T Ihlal T T

10-04-2004

MC WW
= Data ee
= Data up
+ Data ep

s L=184pb"

Njets=0
[ 4 | | |

B, (GeV)

60 80 100 120 140

Leptons/10 GeV

CDF Run Il Preliminary - Lepton P,

—} | JeKgnd
us
Ls

L

[JI|lll%}ﬂ‘7’rlx |

[ ]ww.Bkgnd

« Data

L=184pb"

0 20 40 60 80 100 120 140 160 180 200

Lepton P; (GeV)

Events/15 GeV

10

| CDF Run Il Preliminary - Missing Transverse Energy E, ‘

[ ]wwi4Bkgnd

| |ekgna

o Data

L =184 pb”

—

== |

20 40 60 80
Br (GeV)

100 120 140

Kinematic properties as expected from SM WW

production

=> use the data to constrain new physics

Beate Heinemann - Northwestern University
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H— WW®) — [*|-yv

Higgs mass reconstruction not possible due to
two neutrions: /
o Dilepton mass lower for h->WW: mass
dependent cut

Employ spin correlations to suppress WW
background:

> leptons from h - WW®) — [|-vv tend to be

Pf\“;thH

CDF Run Il Preliminary, L.

int

~ 200 pb’

1

— 2
g My = 160 GeV .. E M= 160 Gev
=18 — T M Cut F [— data
21.6F- W 3 E | — 10 <H - ww
el T F 4 'l ! < — T E Wi
1ol fzﬂigi;s DY 140 GeV | M_= 55.0 Ged SSE1 Wz 2z + 0y
125 150 GeV | M_< 57.5GeV p—
J: u 2.5F
: 160 GeV | M < 62.5 GeV 2F
0.8 i 15F
0.6F- 170 GeV | M_< 70.0 GeV ):
0.4F R . R :
: 180 GeV | M_< 80.0 GeV 05E L s
0.2 i o i L
- 6 05 1 15 2 25 3
05+ : AD

1 [
0 20 40 60 80 100 120 140 160 180 , _
M, Heinemann - Northwestern Univers..,




H— WW®) — [*|-yv

« Expect 0.11 events for 160
= Similar analysis by DO GeV SM Higgs with 200/pb

DO ee eu np

Excluded cross section times
Observed 2 2 5 Branching Ratio at 95% C.L.

Expected |2.7+04 | 3.1+0.3 | 5.3+0.6

= Neither CDF nor DO see any evidence
for h production => set upper limit on
cross section o ~omerrnn

oxBR(H—WW) (pb)

4" Generation Model

Topcolor

Excluded at LEP

o :
1000099/ :
= 10 : Standard Model

o(gg—H; 4G) ~ 9 x o(gg—H; 3G) 100 120 140 160 180 200
Higgs mass (GeV)
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7 '
g

q(’) ———t——

WZ and ZZ

Select 2 leptons with M(1l) in Z mass range and

*2 leptons (ZZ->1111)
] lepton and E{(WZ—>1HV)
*Significant I, (ZZ->1lvv)

CDF Run II Winter 2004 Preliminary, £=194 pb™*

| Process l1lalsls l','15'.aﬂ:sJ:fr~'r' | I'flt':‘.aﬁ'r | Combined
77 [ 0.07+0.01]0.13+0.01 087+ 014 1.07 +0.15 |

ZW - 0.81 + 0.07 | 0.86 + 0.14 | 1.67 + 0.19

27+7ZW 0.07 + 0.01 [ 0.94 + 0.08 | 1.73 + 0.27 | 2.72 + 0.33

WW . - 1.26 + 0.20 | 1.26 + 0.20

Fake 0.01 £+ 0.02 | 0.07 £+ 0.06 | 0.56 &+ 0.30 | 0.64 + 0.34

Drell-Yan - - 0.31 + 0.13 | 0.31 + 0.13

i - - 0.08 £+ 0.02 | 0.08 £ 0.02

Total Background | 0.01 + 0.02 | 0.07 + 0.06 | 2.21 + 0.38 | 2.29 + (.42

[ Expected S. + B. | 0.08 = 0.02 |

1.01 + 0.10 [ 3.94 + 0.57 | 5.01 + 0.64

| Data | 0

10-04-2004

0 |

4

4

Expect 5.0+-0.6 events

Observe 4 events =
0<13.9 pb @ 95% C.L.
NLO: 0=5.2+0.4pb
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WZ/ZZ: kinematics

CDF Run Il Preliminary, 194 pb CDF Run Il Preliminary, 194 pb ™
> - %3-5_—
G4-5F «Data St «Data
- 3L
Q4 |S.+B. © [1S.+B.
N b _B. Dok ~B.
E3'5_ =2.5: -
2 3 + S I
Ll E L 2_— ——
25 C
2_— —— 15—
1.5F 1 4 |4
J: Ll
ot | \_l_‘—l_w 0.5¢ -] ;
~F
g’/ /% o et s % W e el
0 30 40 50 60 70 80 90 100110 9’0 75 80 85 90 95 100 105 110
Lepton P, (GeV) M(LL) (GeV)

= Consistent with expectation
= More data needed!
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WZ/ZZ and Wh Production

= Large backgrounds from QCD processes: :
W+jets, Z+jets p h
= Use h->bb channel for Higgs search W

= WZ->Wbb will be observable before
seeing the higgs=> excellent calibration

channel Y L
= Exercises mass resolution: combining

calorimeter and tracking => 30%
improvement in energy resolution

entries/(10 GeV)

——
P Z
p Zhk NW/Y
W
p ; (9 .
_o=} P_C)/ﬁ 0 20 40 60 80 100 120 140 160 180 200

b—tagged jet—jet mass (GeV)

10-04-2004 Beate Heinemann - Northwestern University 41



Wh Production: Run 2 data

. . W*bb Search Dijet Mass Distribution (> 1 b-tag)
- SeleCTlon. ‘:bﬁ ot earch Dijet Mass Distri ljll-on > 1Elg
~ | CDF Run Il Preliminary 162 pb
Q .
o W(—uv or ev) o 1] Wk g
~ [ (] wesngntfiavors
o 2 jets: 1 b-tagged £ o |t M ey
. . |_|=5 L B wzrwwz’z?and 2—or
= Search for peak in dijet T e —
. . . . . . Mean = 104.1+ 0.2 GeV/c’
Invart'anT mass dlsTrslbu-rlon Width = 17.3+ 0.2 GeV/c?

* No evidence yet for WZ or | [F gl +

Wh 0 50 100 150 200 250 300 350 400 450 500

m,, (GeV/ czj
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Summary of CDF Higgs Searches

CDF Run Il Preliminary

ﬁ T T 1T 1 | I 1T T 1 | I T 11 | 1T 1T 1 | 1T 1T 1 | | I L | | L 1T 1T 1 L L
# i B
oL L
=
L ‘ID = \ ______ =
DE E =l-=g==L ____________________________ — E
C - H—wwY — vy
s WH — lvbb z -1 :
-+ 1 — —
U - :
> B ’
m i i
L||"! 10 . T
LS By T T, o Expected Limit
hl B —— Observed Limit
© o T — SM Prediction
'1D I 1 11 | | I .| | | I | | L 111 | | I | L1 11 | | I T | | L1 11 | | I . .|

100 110 120 130 140 150 160 170 180 190

m, (GeV)
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] " SusViigge Werdhg
« Higgs Sensitivity Study (2003) 2 "“*’[;‘:gg; Ea:;]sm, Y e I
« combined CDF/DO0 sensitivity = alpoworgll

integrated luminosity (fb"‘fexp.)

10-04-2004

8 10:
= i
= ]
=2
'E ;
e .................. .................. ............. S US‘I’MQQ& w'ﬂl"kﬁhﬂp {19&_:.99}
10 statlstu:al power cnly '

...........................................................

100

105 110 115 120 125 130 135 140
my (GeV)

NOW

Beate Heinemann - Northwestern University

5c discovery
30 evidence 3
95% CL exclusion

740 160 180 200
my (GeV)

upgraded silicon
10% mass resolution
NN selection
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Higgs Discovery at the LHC?

—®— VBFH— WW
fb'l —#&— VBFH—=1t
b 4 H— 7y (WBF +inclusive)
10 & ——&— H—s ZZ - 4l (with k-factors)
I:: E H— ZZ — 4l (no k-factors)
o - fiH, H— bb
= —fe— H—= WW — v Iy
"E. 3 --3--VBFH—= ZZ7— llg
10 & —©— Combined
o =
1 year s B
@1034 3 T
Ll =
1 year -
@05 | | S
ot =
: =
1 month -
@10 THE
+[LHC: ATLAS L

100 200 300 400 500
M,,(GeV)
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Summary and Outlook

= Diboson Production excellent probe

for New Physics
o Higgs production
o SUSY

o Large Extra Dimensions
o Precision test of SU(2)xU(1) gauge

structure

= Many new results from Tevatron
o Machine and experiments running great! 107,

o Have got 2x more data on tapel!
o Anticipate 1.5-2 fb-! by 2007 and
4.4-8.6 fb! by 2009

= Crucial for Higgs discovery at both

Tevatron and LHC

10-04-2004

== ==
=] (=]

Cross Section (pb)

[*]

(5

10"

10

10

al

4

- 4 CDF Pri;feliminary Run II (e+n)

WW-o v v

# DO Preliminary Run li fe+n)

mm Theory| |
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CDF: COT Aging Problem Solved!

Gaseous tracking chamber COT: wire aging problem seen in 2003-2004

hydrocarbon residue detected on sense wires where gain had been falling

addition of air (probably the oxygen) reverses the aging
Chamber gains back go pre-aged status

Voltages reduced on inner superlayers from February to May 2004

Width Relative To SLE vs Date - SL1:4 e SL1/5L8
— — s SL2/sLE
Y i T . SL3/SL8
B g g g v SL4/5L8
1.3 - i i i «  Currents SL2/SLS
1oF g | A
E[" e I
(K1 S A
EEELAS Y IR, U T A
1 : ' . : : :
Coetete b TR el
pel- 1w R |
E i el Rl
ol S R ai“"'*. N WNE
ﬂ ?:I 1 I I‘Ii 5If1l IE1I1'!I1 Ii 1I'|ll j%lr1l Ii q'll-ll I!TII1 IE$J1 IE.J1'I-.II ijlr;l 1 : 3 1 Ek 1 1 1 1 I
) 200 00 400 500 600 700 800 900 1000
Days since 1/1/2002
10-04-2004
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NEW WIRE

AGED WIRE REVERSE AGED
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g

Em noise |_2—§c9 ]

:'EQDB -

D17"5
-~ 1s0 |
E—Eﬂ 125 F signal
@ : (dflt clustering)
_m 100 -
5 .
) s |
E 5
.ﬁm 0 -25 0 25 50 75 100 125 150 175 200
E charge (ADC)
L

a0 200 Measured o,
B Hybrid region
= 1804 Y g
A AR T R e e without 1.00
r ' - : 5 5 140 .
] L00 "-» Contributions from
T S beam size (~25-30 um)
" t LN . ¢ ¥ e S S residual misalignments
. Pen M"t‘."l. ok
n ||||*|||E._‘]_|_}_‘|||h|||;|||||‘|||E||||||||3_J_|_|_|_ 40_: M"M l‘*ﬁ*‘llll‘* '
135 140 145 150 155 160 165 170 175 180 ap
RunNum/1000 o
0 1 2 3

pT-(GcV)SI
See talk by R. Wallny
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CDF: B-tagging and tracking

SecVix B-tagging Efficiency (tt Events ) |

Requirement |Efficiency |Requirement |Efficiency :
Np >3 94% N;>3 80%
N > 4 90% N,>4 61%
N =5 46% N,=5 26%

Unbiased 2-5trip Residuals CLI I Preliminary

+

100

9um

i

&
5
:
3

40 &0
Resldual (mlcrons)

10-04-2004
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b-jet tagging efficiency
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Myee| < 1.0
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»— Loose SecVix

«— Standard SecVix

PR IR A N |5
20 40 60 80 100 120 140
Jet E1 (GeV)

SecVix B-tagging Efficiencv(tt_ Events ) |

0.7

=
o

b-jet tagging efficiency
[=)
w

CDF Run Il Preliminary BT

—e— Standard SecVix

EF > 15 GeV
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02l /i S
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Jetq
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Radiation Zero

= "Radiation Zero" unique
to TeVatron:

o suppressed w.g. for W- )
cos_*=-(1+2Q)=-1/3 : Na o
o Observable in angular 4 .
separation of lepton and i

e}
S
<
2
s
S
-
R

photon

5000

2500

0
-4 -3 -2 -1 0 1 2 3 4

QW * (le - Tl,)

il
5
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W + Photon as Search

Run I: E+>25 GeV, lepton Et>25 GeV, photon Et>25 GeV

lepton Data SM exp
electron |5 3.4
both 16 7.6
- Run II Phys. Rev. Lett. 89, 041802 (2002)

10-04-2004

o Repeat run I analysis (20 x more data)

o Extend to forward region (silicon tracker,
new Plug calorimeter, new forward muon

system)

Beate Heinemann - Northwestern University
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WZ Production: leptonic channel

-Leptonic channel (Z->Il, W->lv) background rather low (S/B=3) but
cross section also low (0=2.5 pb)
-Anomalous couplings: WWZ may be different o WWy

-Experimental signature similar to SUSY “trilepton” channel:

Associated production of chargino and neutralino: disentangle on basis

of imbalance in transverse momentum, masses

1 pp = XiEX?
. )}ai 7y <z
oo e SUSY
SM - ; 7z (
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Di-Boson Production

- Di-Photon Production:

8000k
discovery channel at LHC for mh<130 GeV % 1 H— Y
S 7000
PNo_ ke}
g v Y E 6000 Higgs signal
S
! v y 5 S000F
y )
>
P W 4000
) I R )
-WW and ZZ Production: My, (Gev)

LHC 14 TeV (SM NLO Cross Sections)

-discovery channels at LHC for 500>mh>130 GeV =g

| [ P
T ] B A W

+ + gy
q w q w |
o
=10 | -
> E =
*IZ 3 = =
[ - —
Y € E =
>
- = —
e L 2
[
>
o
21 —
— o = ——-- Hoyy E
q W le w - 5 0 =
E . H— ww i

10— L 1 e e |
100 200 300 400 500 600
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Why WW scattering?

Without the Higgs, W, W, — W W, violates perturbative unitarity
12T
arl.2 TeV (W5 Wy — W; W, doesn't)

In the high energy limit, the W, ARE the 3 goldstone bosons
associated with electroweak symmetry breaking

Using all we know about electroweak symmetry breaking, (v = 246 GeV,
3 goldstone bosons, M,, ~ M, (residual global SU(2) symmetry)), can

write quite generally, to 1 loop (from the EWChL):

= ] ) I |“.'~;Q—|— [ f-g—l—-?n'g
Als t.u) = — + =3 i’f;,;(gr].wg—l—ru:(gr](fg—I—ug,l—I— = _( )
vd (4 ) 72
| 2 loo —I ) 24 loo — ) Ql g2
R fs + 21 t:gl{r”—gj +ouls +2u) Uﬂﬂ_gj + 3s“ log( 2 |

a, and a; parameterise our ignorance of the new physics (they come
from the only dimension-4 terms we could add to the EWChL )

L = ay((DUDPUT? 4 ag((D,UDPUTY)?
10-04-2004
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Experimental Aspects: Photons

= Backgrounds:

0 Je‘r fragmenting into single hard piO

Use high granularity strip and wire
chambers in central calorimeter to
separate piO from photon

New strip and wire chambers in
forward calorimeter

o Electrons where track is not found

Difficult in forward region where only
Silicon (no drift chamber)

Developing robust and efficient
algorithms

P(jet->photon)

| True Prob(jet->Fake photon), Iso comb

P2jet

Entries

0.00221-

o.oozf—AJr
0.0018F
0.00161 ‘
0.0014f
o.oo12fl
0.001

0.0008]-
0.0006]-

= Develop generic methods to estimate
backgrounds:

o Jet fake rate about 0.1-0.01% for
developed cuts

10-04-2004

oo Hi 1 I

E |
oom T

[T et b |

Mean

RMS
Underflow
Overflow

52
15.87
8.226

0
0

10 15 20 25 30 35 40

45 50

Jet Et (GeV)

Beate Heinemann - Northwestern University




